Abstract To evaluate the outcome of the excisional surgeries (en bloc/debulking) in spinal metastatic treatment in 10 years. A total of 131 patients (134 lesions) with spinal metastases were studied. The postoperative survival time and the local recurrence rate were calculated statistically. The comparison of the two procedures on the survival time, local recurrence rate, and neurologic change were made. The median survival time of the en bloc surgery and the debulking surgery was 40.93 and 24.73 months, respectively, with no significant difference. The significant difference was shown in the local recurrence rate comparison, but not in neurological change comparison. 19.85% patients combined with surgical complications. The en bloc surgery can achieve a lower local recurrence rate than the debulking surgery, while was similar in survival outcome, neurological salvage, and incidence of complications. The risk of the excisional surgeries is high, however, good outcomes could be expected.
Introduction
In the past, the aims of surgery for spinal metastases were largely confined in decompression for the compressed spinal cord and/or nerve roots [4, 7, 17] . Other common indications for surgery include intractable pain, pathologic fracture, and spinal instability caused by the lesion [8] . Laminectomy, the most frequently adopted traditional procedure in early time, has been proved to be mediocre in outcome and not more beneficial than radiotherapy alone [3, 25] . Due to the improvement of the surgical techniques, more and more aggressive surgeries were adopted in spinal metastatic treatment [11, 18, 22] . Nowadays, the superiority of surgery in management of spinal metastases has been supported by a number of documentaries, in spite of the long-existing controversies [9, 11, 15] .
We have performed excisional en bloc and debulking surgeries in selected spinal metastatic cases since more than 10 years ago. We conducted this retrospective study to evaluate the outcome of excisional surgeries for the patients with spinal metastases in duration of 10 years.
Materials and methods
During the time from January 1997 to December 2006, 157 spinal metastatic patients with 167 lesions were treated primarily with en bloc/debulking surgeries at the orthopedic and traumatology department of the Ospedale Maggiore, Bologna. There were 93 of male and 64 of female. The average age of the patients was 57 (range 20-79) years. Due to variable reasons, 26 patients failed in postoperative follow-ups. There were 131 patients with 134 treated lesions followed up with duration of at least 6 months except for the patients dead during the time of follow-up and these cases were all included in this study. Among these patients, there were 26 patients with 28 metastatic lesions located in the cervical spine, 52 patients with 53 lesions in the thoracic spine, and 53 patients with 53 lesions in the lumbar spine. The metastases of sacrum and coccyx were excluded in this study because of the particular anatomy in these sites. Pathologic fractures were found in 36 lesions and non-spinal skeletal metastases in 14 patients, lung metastases in 14 patients, liver metastases in 4 patients, and cerebral metastases in 2 patients. A clear diagnosis was made in 110 lesions before the operations with 65 lesions diagnosed after a CT-guided trocar biopsy. In other cases, four lesions were diagnosed after an open biopsy and four lesions after surgery. And 16 lesions were pathologically examined to be metastatic tissues without definite histological diagnoses. The profiles of the primary tumors (lesions) were listed in Table 1 . The multiple myeloma and lymphoma were excluded in the understanding that these were parts of special systemic diseases rather than metastases from primary tumors. The kidney, lung, and breast accounted for the three most primary lesions with percentages of 32.84, 14.93, and 12.69%, respectively.
The neurologic statuses of the patients were also evaluated preoperatively according to the Frankel scale system. There were 87 patients evaluated Frankel E who were neurologically intact. And 73 patients were Frankel D, among whom 11 patients were scaled Frankel D3, 8 patients Frankel D2, and 12 patients Frankel D1. The seriously neurologically impaired cases included 10 Frankel C, 2 Frankel B, and 1 Frankel A.
All the patients were subject to en bloc or debulking surgeries after evaluated to be operable by anesthetists. The management patterns were determined according to the algorithm developed by us [9] . The option of whether the debulking or en bloc resection to be performed was decided mainly on the possibility of en bloc surgeries according to WBB staging system [5, 6] . Highly vascularized tumors like metastases from kidney were preferred to en bloc resection. Three en bloc resection methods were performed according to the WBB staging system as vertebrectomy (en bloc resection of the vertebral body), sagittal resection (en bloc resection of combined part the vertebral body and part of the posterior arch), and resection of the posterior arch. Some lesions might undergo more than one operation because of local recurrence, but the subsequent surgeries were always palliative and not considered as an important factor in this study.
The radiological re-examinations including X-ray, CT scan, and/or MRI were taken and evaluated for changes of the treated segments and lesions in other sites periodically for all the patients after treatment. For each lesion, the occurrence of local recurrence was investigated and recorded at follow-up. Meanwhile the postoperative Frankel scale and surgical complications were also recorded for every patient.
Statistical analysis was performed to compare the preand postoperative Frankel scales of the patients using Wilcoxon signed ranks test. The postoperative survival time and the cumulative local recurrence rate of the patients were analyzed by Kaplan-Meier method or 1 minus Kaplan-Meier method. The comparison of survival time and local recurrence rate between the two procedures was made by Log-Rank method. The comparison of incidence of complications was made by Chi-square test. Other comparisons of numerical variables were made by t test. P value \0.05 (two tailed) was considered significant.
Results
In the cases included in this study, 32 patients with 32 lesions received the primary procedures of en bloc surgery and 99 patients with 102 lesions were primarily subject to surgeries of debulking. Of the en bloc surgeries, there were 26 cases of vertebrectomy, 3 of sagittal resection, and 3 of posterior resection. Forty-six lesions received preoperative selective artery embolization. A total of 110 patients (83.97%) received preoperative or/and postoperative adjuvant therapies (radiotherapy, chemotherapy, etc). The mean operative time and blood loss in the en bloc surgeries were 7.67 h and 1536.56 ml, respectively, while the mean operative time and blood loss in the debulking surgeries were 4.32 h and 954.22 ml, respectively. Both the operative time and the blood loss were significantly different between the two groups (t = -7.20, P \ 0.01; t = -4.10, P \ 0.01).
There was no patient dead during the operation in this study. And 2 patients (1.53%) including 1 patient of debulking surgery and 1 of en bloc surgery died within 1 month after operation. There were totally 12 patients (9.16%) dead within 6 months after operation. The median postoperative follow-up time was 18.53 months. There were 71 patients dead and 60 patients alive until the latest follow-ups. The median postoperative survival time in the whole was 26.67 ± 2.44 (95% confidence interval: 21.90-31.44) months, calculated statistically by Kaplan-Meier method. The survival plot is shown in Fig. 1 . The plot showed an expected high survival possibility of 20% even after 10 years (120 months). At the same time, the median survival time was calculated, respectively, and compared according to two different surgical procedures. The median survival time of the debulking surgery was 24.73 ± 3.49 (17.90-31.56) months and that of the en bloc surgery seemed even longer, which was 40.93 ± 12.72 (16.00-65.86) months. However, there was no significant difference (Chi-square = 1.32, P = 0.25) shown in the comparison of survival time between the two different procedures. The two survival plots are shown in Fig. 2 .
There were 26 lesions suffered from local recurrences accounting for 19.85% of all the cases followed up. The cumulative local recurrences were analyzed by 1 minus Kaplan-Meier method and the comparison between the two different procedures was made further by Log-Rank method. The time of recurrence was the duration from the date of operation to the diagnosis of recurrence at first time (because a few lesions underwent recurrence more than one time). The curves of the cumulative local recurrences are shown in Fig. 3 . The significant difference (Chi-square = 8.37, P = 0.004) was shown in the comparison. The plot showed that the local recurrence rate of the en bloc surgery was steadily less than 20% after 20 months, while, that of the debulking surgery was much higher at anytime postoperative and nearly 100% local recurrence was estimated at 100 months after operation.
There was no difference between the patients' neurologic functions in the two subgroups according to the statistic comparison of the patients' preoperative Frankel grades (Z = -1.36, P = 0.17). There were 35 patients (26.72%) whose immediate postoperative neurologic function was improved than preoperative, 93 patients (70.99%) who maintained the neurologic function after operation, and other 3 patients (2.29%) deteriorated in the neurologic status immediately postoperatively. The statistic comparison between the preoperative and the immediate postoperative neurological function of all patients was significant different (Z = -4.55, P \ 0.001). In the other hand, there were 8 patients (6.11%) whose latest postoperative neurologic function was better than immediate Furthermore, the comparisons of changes of either immediate or latest neurological function between the two managements both showed no significant difference (Z = -0.96, P = 0.74; Z = -0.06, P = 0.95). The surgical complications happened in 26 patients, accounting for 19.85% of all the patients. There were two different complications happened in 6 patients and three complications in 1 patient. The complications were divided to major complications, which were fatal or irreversible illnesses, requiring emergent salvage or surgical management and minor complications, which were usually encountered and reversible illnesses, not necessary for surgical treatment. The profiles of the surgical complications are shown in Table 2 . There were 6 patients (18.75%) by en bloc surgery and 13 patients (12.75%) by debulking surgery underwent major complications. And 3 patients (9.38%) by en bloc surgery and 11 patients (11.11%) by debulking surgery had minor complications. The statistic comparison of the two surgical procedures showed no significance either in major complication or in minor complication (Chi-square = 0.62, P = 0.43; Chi-square = 0.08, P = 0.78, respectively).
Case presentations
Case 1 R.L. Female. She was 53-years-old when admission to our department on April 1998 because of back pain. And she received mastectomy because of breast cancer in 1989. Her neurologic function was intact. After workup, an isolated T4 metastatic lesion was found. Then a procedure of debulking with instrumentation through anterior approach was performed. Her back pain relieved and neurologic function maintained immediately after operation. The patients received radiotherapy after operation. She underwent local recurrence 14 months later and was found new lesions of metastasis in other segments, then received vertebroplasty and radiotherapy for many times. However, she was still alive at the latest follow-up and had survived for almost 10 years (119 months) since the primary operation ( Fig. 4a-d) . paraplegia. She received nephrectomy because of renal cell carcinoma in 1998. Her preoperative Frankel scale was evaluated to be ''C''. An isolated T5 metastatic lesion was found and the spinal cord had been compressed by the invasion of the lesion. An en bloc surgery of sagittal resection through posterior approach with transpedicular instrumentation plus reconstruction with mesh in emergency was performed for her. Immediately after the operation her neurologic function recovered to Frankel E. She received postoperative radiotherapy. She had maintained neurologic function and had survived continuously disease free for 95 months before the latest follow-up (Fig. 5a-e) 
Discussion
Nowadays, the management of spinal metastases should still be a multidisciplinary collaboration. The treatment for spinal metastases is a synthesis of surgery, radiotherapy, chemotherapy, immune therapy, and other applicable conservative treatments. At the same time, surgical treatments have been evaluated to be important and effective in some recent studies [11, 13, 14] . Many new surgical concepts and procedures for management of the spine tumor have been greatly developed in recent years. These developments made the spinal metastatic treatments more safe and effective. Tomita et al. [21] designed the special surgical procedure so-called total en bloc spondylectomy (TES) and used it on the spinal metastatic cases with a quite good outcome [22] . Although the WBB surgical staging system was initially designed for primary spine tumors [6] , we successfully utilized this system in planning for the en bloc surgery of spinal metastases.
The survival outcomes of debulking and en bloc surgeries in treatment of spinal metastatic diseases were variable, but mostly seem desirable. The survival outcomes of the literatures are presented in Table 3 . It can be seen that the median/mean survival of the en bloc surgeries always achieved good survival outcomes, which varied from more than 1 year to more than 3 years. While the debulking surgeries were mostly more than 1 year, but not as good as more than 2 years. In our study, the median postoperative survival time of the patients after en bloc or debulking surgeries was also very exciting, which was longer than 2 years. Although no significant difference was found in the comparison of survival time between the two procedures, the en bloc surgery showed a longer median survival time than the debulking surgery, which was also concluded by Ibrahim et al. [11] through an international multicenter prospective observational study.
Furthermore, the cumulative local recurrence rate of the en bloc was calculated to be much lower than the debulking. Because the en bloc surgery is a highly demanding technique, we always discussed and planned carefully before the operation. Much indebted to the existed WBB surgical staging system [5, 6] , we could efficiently design the operations and appropriately determine the surgical margins. Therefore, the en bloc surgery achieved the outcome as expected and effectively avoided local recurrence in most cases. And the postoperative neurologic function changes of the patients showed that the neurologic function of most patients could be salvaged or maintained immediately after operation, but many deteriorated later. The statistic results also showed that the debulking and the en bloc surgery were equally effective in the neurologic function salvage.
It also should be admitted that the aggressive surgeries for treatment of spinal metastases are very demanding and risky. The risks include neurologic deterioration, excessive bleeding, healthy tissue contamination, etc., that may weaken the immune system, cause infection, speed the metastatic process, and even lead to direct death. It can be seen in the study that the operative time were always long and the blood loss were frequently substantial in the excisional surgeries. The differences of operative time and blood loss between the two subgroups noted that the en bloc surgeries were even more risky than the debulking surgeries. Furthermore, in excisional surgeries, early mortality is high, with a 6-month mortality rate of up to 50% according to some studies [2, 12] , and both of the excisional surgical procedures have a high incidence of complications. Although in our study, the mortality in the perioperative period (9.16%) was not high, the incidence of surgical complications was as high as nearly 20%. So the doctors should weigh the benefits and the risks carefully before submitting a patient to en bloc/debulking surgeries, in the other hand, the excisional surgeries should be performed by experienced doctors.
In order to achieve the best outcome, it is crucial to select the primary treatment exactly for the spinal metastases. The already existed scoring systems could help in the selection of the reasonable treatment [20, 22] . However, we did not indicate surgeries merely on these scoring systems. Instead, a step-by-step judgment process was adopted in our clinical practice [9] . The desirable outcome of the excisional surgeries, to some extent, validated the effectiveness of our treatment algorithm.
